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We, Standard Oil, Development Com- 
pany, a Corporation duly organized and 
existing under the laws of the State of 
Del-aware, United States of America, hav- 
ing an oifice at Elizabeth, New Jersey, 
United States of America, do hereby 
declare the invention, for which we pray 
that a patent may be granted to us, and 
■the method by which it is to be per- 
formed, to be particularly described in 
and by the following statement : — 

This invention is concerned with a 
combination process for the conversion of 
crude petroleum into more valuable 
mineral oil products, particularly with 
obtaining maximum yields of low boiling 
products of the motor fuel and he a ting" 
oil boiling ranges and minimum yields of 
heavy products, such as fuel oils .and tar 
with a minimum of treating steps and a 
substantially reduced investment and 
operating cost. 

In the combination rrude oil distilla- 
tion and conversion processes previously 
proposed the recovery of maximum yields 
of motor fuel and heating oil products 'has 
been accomplished usually by subjecting 
light and heavy naphtha fractions from 
the crude still to further fractionation 
and, if desired, to suitable thermal or 
catalytic refining treatments, such as 
reformation, isomeric turn, hydrofonn- 
uig, alkyhition, or, by thermally orcata- 
lytieally cracking a gas oil fraction" from 
the crude still to recover further low boil- 
ing product by subsequent fractionation 
of the cracked products and subjecting 
tiie reduced crude to a further distilla- 
tion at reduced pressures to produce tar 
and additional low boiling products, prin- 
cipally gas oil to be processed with the 
ga« oil fraction from the crude still as 
mentioned above. These processes require 
a plurality of product f faction n tors yield- 
ing several streams of products of desir- 
able boiling ranges. For economic heat 
recovery, large numbers of heat 
exchange apparatus are required both 
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within each unit and in combination 
between units. Vast tank facilities must 
be provided to permit storage of the 
various products prior to blending in 
desired proportions. The vacuum distil* 
lation equipment used for working up the 
reduced crude is expensive with respect 55 
(to investment, operation and mainten- 
ance. As a result of these complications, 
conventional type combination processes 
must be operated on a relatively large 
scale to be economical.. Normally, refin- 
ing capacities in excess of, say, about 
20,000 barrels (oil) /day of crude .are 
required to make operations of this type 
pay while smaller refineries must be 
designed on the basis of an often undesir- 
ably high output of heavy fuel oil and 
other products of a relatively low commer- 
cial value. 

In accordance with this invention, 
there is provided a combination i)rocess 
for the refining of petroleum oils which 
comprises distilling a crude petroleum oil 
to yield a residual fraction and a plur- 
ality of lighter fractions, subjecting at 
least one of said lighter fractions to a 
conversion treatment, passing said resi- 
dual fraction to a fractionating tower and 
feeding a plurality of hydrocarbon 
streams into said fractionating tower 
below the point of entry thereto of said 
residual fraction whereby the latter is 
stripped by the vapors of' said hydrocar- 
bon streams and recovering the desired 
product fractions from said fractionating 
tower, wherein said hydrocarbon streams 85 
fed to the fractionating tower comprise 
at least one total eifiucnt from a conver- 
sion treatment of said lighter fractions 
and. if available, at least one of said 
lighter fractions as such. 

Although, in general, the combination 
process of the invention is so practised 
that the reduced crude real dual fraction 
from the crude oil distillation stage is 
passed as such to the fractionating tower 
the invention also include modifications 
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where tins is not the case. In one such 
modification the reduced crude residual 
fraction is subjected to ;i hi^-h tempera- 
ture coking- or viscosity reducing treai- 
o ment from which the effluent, including if 
desired the coke products, is then passed 
to the fractionating- tower; and in a 
second modification the reduced crude 
residual fraction is subjected to a strip- 
10 ping operation to remove lighter fractions 
therefrom, the stripped reduced crude 
being then passed to the fractionating 
tower. 

In practising one embodiment of the 
15 invention, the crude oil is subjected to dis- 
tillation in a conventional crude distilla- 
tion unit to produce an over-head stream 
of light virgin naphtha, a separate heavy 
naphtha stream, a still heavier stream of 
20 the kerosene and Diesel oil range and 
reduced crude bottoms. The reduced crude 
bottoms may still contain the gas oil frac- 
tion intended in part at. least for feed 
stock to a gas oil cracking* step. The kero- 
26 sene fraction may be recovered as product 
directly from the crude still because fur- 
ther conversion will not substantially 
enhance its value as kerosene or Diesel 
oil. All other fractions are supplied to a 
30 single product fractionator substantially 
as follows. 

The reduced crude obtained as above 
described is passed directly to an upper 
portion of the lower contacting section 
86 of a substantially conventional fractionat- 
ing column. The heavy naphtha stream is 
subjected to a high temperature thermal 
or catalytic reformation or other conver- 
sion conducive to an improvement of its 
40 nioj;or fuel qualities,^ and the total vapor- 
ized effluent from this conversion stage is 
fed to the fractionating column at a point 
below the feed point of the reduced crude, 
substantially at the temperature of the 
46 conversion stage. The light virgin 
naphtha fraction is likewise fed to the 
fractionating column at a point below the 
reduced crude feed point and can be 
injected in either liquid or vapor Btate 
60 after suitable preheating if desired. 
"Various final product strenms are 
recovered from tile product fractionator 
for example a fuel gas overhead, a low 
boiling fraction of the motor fuel boiling 
65 range, a heating oil fraction, a gas oil 
fraction, and a heavy bottoms fraction of 
the fueloil ranjre. In addition, tliore may 
be produced a gas oil fraction which con- 
tains the virgin .sras oil fraction desired 
80 for feed to further conversion equipment 
together and in admixture with a recycle 
or converted fraction ^ in approximate 
optimum ratio for ultimate conversion 
operation. Most of the gas oil fraction 
G5 (which may if desired be mixed with a 



virgin gas oil fraction from the crude oil 
distillation stage) is passed to a prefer- 
ably catalytic cracking stage to be con- 
verted therein into additional amounts 
of motor fuel. Diesel oil. gas oil range 70 
cycle stock and heavy bottoms. The total 
effluent of this cracking stage is likewise 
passed without substantial heat loss to the 
product fractionator at a point below the 
reduced crude feed, but preferably above 75 
the feed points of the reformat e from the 
treatment of the heavy naphtha and of the 
light virgin naptha. In this manner, the 
reduced crude is subjected to successive 
countercurrent heating, vaporization and 80 
stripping action, first with vapors from 
the gas oil cracking process which are 
heavier and may be at a lower tempera- 
ture than the naphtha vapors used and 
thereafter with the low molecular weight, 86 
and preferably, higher temperature - 
naphtha vapors. 

MTien operating substantially in the 
manner described above, extremely large 
volumes of process vapors are available 90 
and utilized for reduced crude stripping 
with the effect that the volume of heavy 
tuel B finally produced may be kept at a 
minimum at least as low as and, if 
desired, even lower than may be accom- 96 
plished in conventional operation involv- 
ing yacum distillation of reduced crude. 
1 he total product naphtha is prepared aa 
overhead product which has been main- 
tained at high temperatures for a mini- 100 
mum time and is, therefore, of superior 
quality with resect to engine cleanliness. 
A single heavy fuel fraction is obtained 
in winch all heavy constituents formed 
m the various stages are combined and 105 
which may be subjected to a single falter- 
ing treatment to recover a final low sedi- 
ment fuel oil of beat quality. These advan- 
tages are m addition to the obvious sav- 
ings ot heat exchange equipment result- 110 
m«- Irom the elimination of various inter- 
mediate heating and cooling operations 
ana to those of intermediate tankage 
requirements resulting from the use of a 
.sjnjde product fractionation stage. 115 

The number and type of intermediate 
conversion stage* employed in the 
embodiment described above will depend 
entirely on the character of the crude oil 
to be processed ami, the types, quality, 12U 
and relative proportions of (he desired 
products. Other conversion stages niav be 
added to or substituted for those men- 
tioned For example, in accordance with 
a modification already mentioned, a cok- 125 
in ff or yisc-osity-reduoinpr treatment may 
be applied to the reduced crude prior to 
its entry into the product fractionator ; 
alternatively such treatment may be 
applied to the fuel oil recovered from the 130 
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fractionator, depending on process and 
product requirements. The former proce- 
dure niay be employed when increased 
supplies of catalytic cracking Muck a-e 
5 required. The latter procedure may be die • 
tated by specification requirements of the 
product fuel oil. which may be affected 
by constituents formed in tlie cracking 
sta<re. Other conversion stages which may 

10 be integrated into the process of the 
invention include hydroforming and /or 
other octane improvement processes for 
the virgin # naphtha, thermal or suepen- 
soid viscosity-breaking of the reduced 

16 crude, etc. In accordance with the inven- 
tion, however, the total effluent from at 
least one of these conversion staples (other 
than the reduced crude conversion 
referred to) will be supplied, together 

20 with at least one lighter fraction (if avail- 
able) from the crude oil distillation stage, 
to the single product fractionation stage 
substantially as described above. 

In carrying out the combined refining 

26 process described above the yield and 
quality of the motor fuel fraction 
obtained suffer to a certain extent from 
the fact that thermal reforming or cata- 
lytic reforming in the absence of sub- 

♦30 stantial amounts of hydrogen must be 
used rather than catalytic hydrofnnuing 
in the reforming stage to afford an 
efficient operation of the product frac- 
tionator. Catalytic hydro f orming or simi- 

.'15 jar processes are far superior to reform- 
ing processes carried out in the absence 
of hydro gen, with respect to product 
quality including the yield-octane num- 
ber _ relationship, sulfur content and 

40 engine cleanliness of the gasoline. How- 
ever, processes of this type involve a net 
production and recycling of large 
amounts of hydrogen. Introduction of this 
hydrogen together with the reformat e 

46 into the common product fractionator 
would seriouslv interfere with the 
recovery of valuable hydrocarbon light 
ends or require a fractionator design of 
uneconomical dimensions. 

50 In accordance with a feature of the 
combined refining 1 process described above 
there may be included as one of the inter- 
mediate stages the step of eatalytically 
reforming the naphtha fractions obtained 

66 in the various stages in the presence of 
hydrogen and also the use of at least part 
of the hydrogen produced in this reform- 
ing step to treat other suitable fractions 
obtained in the various stages of the com- 

00 bined process outside the said reformer 
stapre and the fractionator stripjier^ This 
feature preferably involves the incor- 
poration into the simplified combination 
process, of catalytic naphtha reforming 

66 operations of the type known as " Plat- 



forming M wherein virgin and/or cracked 
naphtha from the various stages of the 
combined process is contacted with a 
platinum catalyst at elevated tempera- 
tures of about SU0°— 1000° K.. high pres- 70 
sures of about 400 — 1000 p.s.i.g. and rela- 
tively high hydrogen recycle rates of 
about 3000 to 12.000 standard cu. ft,/ 
barrel maintained by recycling hydrogen 
produced in tlie process, t'nder the condi- 75 
tions specified, three major reactions 
occur, namely dehydrogenation of napk- 
thenes to the corresponding aromatics, 
hydro-cracking of high molecular weight 
hydrocarbons into saturated hydrocarbons 80 
of lower molecular weight and isomeriza- 
tion of naphthas and straight-chain 
hydrocarbons. In addition, there takes 
place dehydrocycHzation of straight-chain 
hydrocarbons directly into aroma tics and 85 
desulfurization converting substantially 
all sulfur into hydrogen sulfide. Chiefly 
as- a. result of the high hydrogen partial 
pressure the catalyst retains its activity 
for many months without regeneration. 90 

Other conventional hydroforming pro- 
cesses may be included in the combined 
process. For example., the virgin and /or 
cracked naphtha may' be contacted in the 
presence of extraneous hydrogen and /or 96 
hydrogen formed in. situ with such well 
known catalysts ns the oxides of molyb- 
denum, aluminum, vanadium and tung- 
sten, with or without silica, supported on 
alumina, or cobalt molybdate as such or 100 
molybdena supported on zinc aluminate, 
at temperatures of about 800° to 1000° F., 
pressures of about 50 to 1000 p.s.i.g. and 
gas recycle rates of about 1000 — 3000 
standard cu. ft. per bbl. of a recvele gas 105 
containing about 80% FT,. Continuous or 
intermittent regeneration of the catalyst 
may be employed, if necessary, to remove 
carbonaceous deposits by controlled burn- 
ing with air in mixture with recycled 110 
flue gas from the regeneration process. 
"Regeneration temperatures are generallv 
limited to 1000°— 1200 6 F. at any con- 
venient pressure. The platforming or 
other conventional hydroforming treat- 115 
ment may be effected in fixed bed, moving 
bed. " fluid '* or -uispensoid type of opera- 
tion, all in a manner known per sc. 

In accordance with a further feature, 
when incorporating such catalytic hydro- 120 
forming processes into a combination pro- 
cess of the type specified above, hydrogen 
made available in the hydroforming stage 
is used to treat other fractions obtained 
in the process either with hydrogen 125 
separated from the reformer effluent or 
admixed therewith. Fractions which may 
be thus treated are light or heavy gas oils 
from the combined fractionatof-stripper 
or cracked gas oil fractions which may be 130 
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upgraded by hydrogenation. The treat- 
ment of such gas -oil fractions with hydro- 
gen may be carried out at non-cracking 
conditions including temperatures of about 
5 500° to 900° F. and pressures of about 
750 to 4000 p.s.i.g. in the presence of con- 
ventional hydrogenation catalysts, such 
as the oxides or sulfides of Groups V, YI 
and VIII heavy metals. Such hydrogena- 
10 tion improves the quality of the gas oil 
stock as a -catalytic bracking stock by 
hydrogenating coke-forming constituents 
sucli as polycyclic aromatics prior to 
cracking. 

16 The hydrogen from the hydroforming 
stage may also be used to upgrade product 
light cracked gas oil within the heating 
or Diesel oil boiling ranges. For this pur- 
pose the type of product oil mentioned 

20 may be hydrogenated on the catalysts of 
the Y 3 VI and VIII groups xust men- 
tioned at either substantially desulf urina- 
tion conditions such as temperatures of 
about o00 6 — 800° F. and pressures of 

26 about 100— 500 p.s.i.g., or substantially 
hydrogenation conditions similar to 
those described in the preceding para- 
graph. Rather than using separated 
hydrogen, the total hydroformer effluent 

30 may be used to upgrade the light cracked 

Eroduci gas oil as will appear more clearly 
ereinafter. 

Tbe reformed naphtha may be blended 
with the naphtha fractions recovered from 

36 the fraetionator-stripper^ preferably after 
the latter have been subjected to conven- 
tional finishing treatments such as caustic 
washing and/ or suitable sweetening pro- 
cesses known to the art. The reformed 

40 naphtha itself is of such high quality and 
purity as not to require further finishing 
of this character. 

While these types of operation may 
require special gas-liquid separation and/ 

45 or fractionation means in addition to the 
combined fraetionator-stripper, the result- 
ing increased investment is at least in 
part compensated by the improved quality 
of the final motor fuel blend. Further- 

50 more, the naphtha finishing equipment 
may be substantially reduced in size 
whereby appreciable savings in invest- 
ment are secured. 

In accordance with another feature, the 

56 total effluent of the catalytic naphtha 
hydroforming stage including all the 
hydrogen present in this ^ stage is used 
without intermediate cooling to strip at 
least a portion of the reduced crude prior 

HO to its entry into the combined fraetion- 
ator-stripper in a separate stripping 
stage operated substantially at the pres- 
sure of the hydroforming stage. Assuming 
a temperature of the reduced crude 

G5 recovered from the crude still of about 



600 " to 750° F. and a temperature of 
about 800°— 1000; F. of the hydroformer 
effluent this preliminary stripping may 
take place over a temperature range of 
about 6o0° to S00° F. at a pressure of 70 
about 100 to 1000 p.s.i.g. At these con- 
ditions, a substantial proportion of the 
gas-oil and lighter constituents of the 
reduced crude, say about 5 to 50%, will go 
overhead with the hydroformate and 76 
hydrogen. Hydrogen may then be separ- 
ated from normally liquid overhead and 
recycled to the hydroforming stage after 
suitable reheating. The hydroformate 
containing the reduced crude strippings 80 
may be passed to the fractionating sec- 
tion of the combined fraetionator-stripper 
or fractionated in a separate tower to pro- 
duce gas oil to be used as catalytic crack- 
ing stock and product hydroformate 86 
which may be blended with "the finished 
naphtha from the combined fraetionator- 
stripper as described above. The pre- 
stripped reduced crude is passed to the 
stripping section of the combined frac- 90 
tionation-stripper to be further stripped 
therein with the effluent vapors of other 
process stages. 

In the embodiments described above 
wherein a hydroforming stage is 95 
included, excess hydrogen made available 
in the hydroforming stage beyond the 
recycle requirements of this stage may be 
passed to the stripping section of the 
combined fraetionator-stripper and 100 
together with virgin and cracked napkthr. 
or any suitable mixture of such heavy 
naphthas. It may be desirable to make ail 
virgin naphtha available for stripping the 
reduced crude in the combined fraction- 106 
ator-stripper. In this event a combined 
virgin light and heavy naphtha stream 
may be passed directly to the stripping 
section of the fraetionator-stripper and 
only a heavy naphtha fraction from the HO 
tractionator-s tripper may be subjected to 
catalytic hydroforming as described. 

\ anous embodiments of the invention 
will now be described with reference to 
the accompanying drawings wherein: — H5 

figure 1 and continuation Figure la 
show a schematic flow plan of one com- 
bination process according to the inven- 
tion; 

Figure 2 and continuation Figure 2a 120 
show a schematic flow plan of a modified 
combination process according to the 
invention, which includes stages for 
hyaroforniing one or more naphtha 
streams; 

Figure 3 shows one form of hvdroform- 
mg stage; and 

Figure 4 shows a modification of the 
arrangements shown in Figures 1 and la. 
and 2 and 2a. ^ 
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Li the figures similar parts have 
been indicated by the same reference 
number. 

Kef erring now in detail to Figures 1 

5 and la, of the drawings, the system illus- 
trated therein essentially itomprises a 
crude still 110, a naptha reformer or 
hydroformer schematically shown by 
element 130, a product fractions tor 140, 

.0 a cracking stage schematically illustrated 
by element 150, and fuel oil filtering faci- 
lities at 190. The functions and co action 
of these elements will be forthwith 
explained using as an example the refin- 

.6 ing of a medium gravity crude of the 
type of Arabian Quatar crude in a refinery 
having a capacity of about 10,000 bbl. o"i 
crude per day. It should be understood, 
however, that the system may be used for 

10 the refining of different types of crude at 
a larger or smaller scale in a generally 
analogous manner. 

In operation, the crude oil is pumped 
from line 101 by means of pump 103 via 

[6 line 105 through heat exchangers 106 to 
a heating coil located in furnace 107 
wherein it is heated to a temperature suit- 
able to vaporize a substantial uortion of 
the oil. The oil so heated is passed 

;0 through line 109 to a lower portion of still 
110 which it may enter at a temperature 
of about 750° — 800° F. and a pressure of 
about 40 — 70 p.s.i.g. Still 110 is provided 
with a plurality of horizontal bubble cap 

5 plates- 112 :to improve fractionation of 
the feed in a conventional manner. Eeflux 
may be accomplished with the aid of par- 
tial condensers 114 arranged internally 
or externally at the top of still 110. For 

0 the purposes of~the present example > still 
110 may be so operated that three distil- 
late streams and distillation bottoms are 
produced as follows. 

All crude constituents boiling below 

6 about 260° F. are removed together as a 
vapor stream of light virgin naphtha 
overhead through line 116 at a tempera- 
ture of about 300°— 350° F. This stream 
may amount to about 20 to 25% of the 

0 crude charged. A liquid stream of heavy 
naphtha having a boiling range of about 
250°— 400° or 500° F. is removed through 
line 118 from an upper portion of still 
110 at a point below condensers 114. 

>5 About 20 to 25% of the crude charged is 
recovered through line 118. A kerosene or 
Dieael oil boiling within the range of 
about 400° to 700° F. and amounting to 
about 17 to 23% of the crude is drawn 

10 off through line 120. The remainder of 
the charge, amounting to about 40 to 50% 
and consisting predominantly of consti- 
tuents boiling ubove 700" — 800° F. m is 
withdrawn as reduced crude through line 

6 122 from the bottom of still 110. The 



kerosene removed through line 120 is nor- 
mally suitable for kerosene or Diesel. oil 
purposes without further treatment and it 
may be passed directly to storage. The 
other fractions may be treated m accord- 70 
ance with the present invention as will 
be forthwith described. 

The light virgin naphtha vapors in line 
11(5 may be passed directly to a lower 
portion of product fractionator 140. If 75 
desired, this vapor streem may be pre- 
heated to about 800* to 1000° F. to con- 
form with the heat requirements of frac- 
tionator 140. This may be done by by- 
passing at least a portion of the vapors 80 
in line 110 through a heating coil 117 
either separate or as shown in Fig. 1 
located in convection section 132 of 
reformer furnace 130 operated as will be 
described hereinafter 85 

The heavy naphtha stream in line 118 
may be pumped by pump 126 through line 
128 at a pressure of about 900 — 1100 
p.s.i.g. to a thermal reforming or cata- 
lytic hydrof orming stage. This reforming 90 
stage may be of any conventional design 
well known in the art, and may comprise 
a conventional tube furnace 130 designed 
to provide for an oil residence time of 
about 18 to 25 liquid volumes per volume 95 
of reaction space per hour (v/v/hr.) at 
about 1000°— 1100° F. and aboat 1000 
p.s.i.g. pressure. Under these conditions, 
the octane rating of the naphtha may be 
increased from about 20 to 30 to about 70 100 
'to 80 Kesearch Octane Number without 
excessive cracking to normally gaseous 
hydrocarbons. The total effluent from 
reformer 130 is passed substantially at the 
reforming; temperature and pressure 105 
through line 134 provided with a pressure 
release device such as valve or venturi 
136 into a lower portion of fractionator 
140 at a point close to the feed point of 
line 116. As a result of the pressure release 110 
to fractionator pressure of about 5 — 15 
p.B.i.g., the naphtha is substantially com- 
pletely vaporized when entering the lower 
portion of fractionator 140. 

The reduced crude in line 122 may be 115 
passed directly to the top of the lower 
portion of fractionator 140, substantially 
at the temperature of its withdrawal from 
still 110. Line 122 feeds into fractionator 
140 at a point above the feed points of 120 
lines 110 and 134. In this manner, the 
vapors supplied through lines 116 and 134 
pass upwardly through fractionator 140 
against the downwardly flowing reduced 
crude to strip the latter of vnporizable 125 
constituents. This effect and the operation 
of fractionator 140 will be described in 
greater detail later on. 

At this point it is noted that a side 
stream of gas oil range hydrocarbons 130 



ft Jit» W„ 8 a bolhn S range which readers 
,»«,! • as > a catai ytJc cracking stock 
may oe withdrawn from an intermediate 
6 section of iructumator 140 via a gas oil 

into 142 144 and passed through line 
146 to a catalytic cracking stage 150 This 
.racking stage is preferably Carried out 

ttn CO *T di *S Appiica- 

i ion i\o. oboO/ol, namely a two vessel 
cracking and catalyst regeneration jyt 
iem operating with beds of finely divided 

16 ™ tu d f hd in eacn of the 

15 vessels and continuous circulation of the 
sohd materials between the two vessel! 
by means of two U-shaped conduits 
depending below the said vessels and 
each having one of its vertical legs open- 
20 in* lnto a nd communicating with the 
bed in each the said vessels and in whicL 
the circulation of the solid material is 
controlled by differential pressures in the 
ok I e -^ 1Ca l ^ of the U-shaped conduit 
25 without the use of meehanical valves 

™?Sh I°* fen,ed i embodiment. However 
S3an£fY eonveil ^l cracking system 
.lUapted to convert gas oil range hydro- 
carbons mto lower boiling oils, oarticii- 
80 Iarlv of the motor fuel range,' mtv be 
used. Continuous or batch operation may 

•< flf,T- yed in fixed > d > moving bed! 
fluid or suspensoid systems. Heat 

UK ££h£? f r <' rackl *g- may b e supplied as 
86 preh eat of process materials and /or as 
sensible heat of. exothermic-ally regener? 
ated catalyst or m any other conventional 
manner. Modified natural or synKic 
a<i 7i° 8 ' el type catalyts such as acti- 
40 vated montmorillonite clays, 3 ili C a- 
alumma. silica-magnesia composites and 
other conventional cracking catalysts may 

aSrtSir V tem P eratuies of about 
AR +™ i • F ;- i,ud . Pressures of about 
46 atmosphere to 2o p.s.i.g., a ]l in a manner 

known per sc. 

. The total hydrocarbon effluent of crack- 
ing stage 1 50 is passed substantially at 

ou «uu — 9(J0 I<. through lm e 15;J to the 
lower portion of fractionator 140. prefer- 
«Wy at a point intermediate between the 
feed points of the reduced crude on the 
one side and of the reformed and virtrin 

56 naphthas on the other side. If ^2 
.stage l->() is operated at an elevated pres- 
sure, the pressure may be released bv 
valve lo2a to fractionator pressure. In 

RO ITS f ' ases - ^ *o 100% of the 

80 t lacked material enters fractionator 140 
m the vapor state to enhance the strip- 
J.mg- action of the vapors supplied 
through .linos n fi and 134. while anv 
unvaporm-d constituents of tire cracked 
to material an- in turn subjected to striji- 
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tionator 140 comprises a lower stripping 

; lUd a ^ upi>er «-w"bined fiat- 1 
tionation-absorption section li. Both sec- 
tions are provided with suitable means lor 
improving the c-ountercurrent contact 
warX** d V^^«"ing li (J uid and up- 
waidly flowing vapors. For the purpose of 
gripping, a disc-and-doughnut baffle 
arrangement has been found to be most 
efecient and such is shown schematism* 
for sec ion A by elements 141. Section 

bubble cup plates 154 to enhance the elfi- 
ns 7 °S P e fra ^ionation-aLor P ti?n 

ti™ t ? PJ ft ng secti<>n A receives, in addi- { 

SlMf VaP i U T- and li( l uid Yearns 
supplied through lines 110, 1U, 152 and 

?' a t lu l uld t?P feed comprising' a gas 
oil cut removed from the bottom of sec- 
ion B via me 142 and supplied to set « 

to ^ionV'r 144 --J M « i« «a » fed ' 

JSfl^ j A l» r « v ide control over the 
leflux and heat removal in that sect^n 
ol >^iii the desired end % int 
IStfi , V P ° U - lL ? «' ae o* 1 - All thereat ! 
i« V™ ^ 'I stnupiagr and fractionation 
m fractionator 140 is preferably supplied 
as sensible heat of the hydrocarbon 
streams entering section A to ^maintain i 
temperature of, say, about 820^S» V 1 

™ 6 I - Mt PoItio11 of * ecti <m A. The 
wpors rising through section A slriuthe 
downwardly flowing gas oil retraced 
" Ud « ^ d packed liquid product, oj suit 

and tl Iy ail lil(iJ1 '. dist iU^le constituent 1 
and this vapor mixture passes on at a 
temperature of about 700 Mo 750 F int.1 
{"^•""twa-absorption section lT to 
treated as will be described later on 

J.iie reduced crude from line L» wlii,.|. l 
may contain as much as about 75% of g tts 
oil suitable for feed to the catalytic unit 

X?\< > i * ed va P«wrs at. say. about 

n .DlitL? 5 t P - S - J e - : ', nd tWfa y ^ vlrgfn J 
napfitha at. *a.y. about 800° F. and bv 

the reformat e at about Kh>o° F The nar 

Uul pressure effect of the stripifinj 

streams and the heat content thereof ar ? 

Jl- T r f <I l leecl trude lo vaporize. The net 

( l , eC , W^ 6 n' <,C ' eSS in sef ' tion A then 1 
'lMi bottom stream of uufluxed fuel nil 
amouutmg to aboul 10--15% on crude 

rVt^rrd?- :;!::: u u ; I'ms? v f 5 s * » 

tar. and abot 0^ ^1^^?^ 
w!tb about 50% () f light Dieil oil blend. 1 
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ing stock for fuel oil viscosity correction ; 
. (2) vapours containing all of tlie distil- 
late products to be obtained from frac- 
tionator 140 and leaving- section A over- 
5 head at about 800° F. 

. A heavy material containing all the 
non-dis tillable constituents of the crude 
charged and of the fractions converted iri 
stages 130 and 150 collects at about 

10 820°— 880° P. in the bottom zone of sec- 
tion A from which it may be withdrawn 
via line 147. If desired, the temperature 
in the bottom of section A may be reduced 
to, say, about 700° F. by recycling heavy 

16 bottoms from line 147 by means of pump 
149 via line 151, cooler 153 and line 155. 
The bottoms quenching may be desirable 
to prevent cracking 1 and -coking of the 
heavy liquid uro ducts. Combined reduced 

20 crude amounting to about 12 to 1S% on 
crude may be recovered through line 181 
to be further treated as will appear here- 
inafter. 

At the conditions of the present 

25 example about 1000 to 15000 mols./hr. of 
hydrocarbon vapors will be available to 
strip in section A about 100 to 200 mols. / 
hr. of liquid. This favorable vapor-liquid 
ratio results in a substantially quantita- 

30 tive stripping elfect being afforded in sec- 
tion A. The number of baffles and the di- 
mensions of section A depend largely on 
the character of the crude charged and 
the products desired. For the purposes of 

S5 the present example, this section may be 
approximately 12' in diameter and 30" in 
height and is equipped with 7 sets of disc- 
and doughnut-type contacting* devices. 
Vapors passing upwardly to section B 

40 of the fractipnator 140 are fractionated 
with gas oil reflux through line 144 and 
cooler 145. Gras oil may be withdrawn 
through line 142 at about 650°— 750° F. 
This gas oil contains all of the virgin 

46 600°— 1050° F. cut point fraction and all 
of the cycle gas oil, and the gas oil is 
hence run to extinction. Gas oil with- 
drawn from line 142 may be divided into 
3 streams, namely (1) reflux through line 

60 144 as described; (2) a liquid product 
amounting to about Z.o — 3% oil crude for 
heavy Diesel oil blending through line. 
148 aud cooler 161 to tankage; (3) about 
50 — 55% on crude of catalytic feed stock 

66 which is fed directly to the cracking sec- 
tion by pump 143 through line 140. 

Passing now to section ]\ of f r actio na- 
tor 140, it is noted that iu most conven- 
tion;! 1 catalytic cracking and similar 

60 refining operations, products are fraction- 
ated at low pressures to produce a gas 
and Jow pressure distillate. The gas 
stream contains appreciable quantities of 
gasoline constituents and it is, therefore, 

6ft necessary to compress, absorb, and ref rac- 



tionate this stream to recover its.rgaso- 
line constituents. This may be avoided by 
combining both low pressure adsorption 
and fractionation in the upper section A 
■of fractionator 140. For this purpose, one 70 
of the " pumparounds " normally used 
merely for heat removal and returned to 
a point close to its withdrawal may be 
used as an absorption medium by return- 
ing it to a point substantially above that 75 
from wiiich it is withdrawn. 

The operation of the upper part of sec- 
tion B will be briefly described herein in- 
sofar as it contributes to the essential 
advantage of this invention, which is 80 
directed towards making small refineries 
fully competitive with large refineries. 

Product vapors leaving the gas oil frac- 
tionating section and entering the heat- 
ing oil withdrawal section contain heat- 85 
ing oil, total naphtha and gas. In the 
section immediately above the heating oil 
withdrawal line 1-56, -these product 
vapors which may be at about 510° — 520° 
F. are cooled by contact with cool heating 90 
oil at about 130° F. entering the tower 
through line 108. Heating oil is con- 
densed out and falls along with the cooled 
part entering through line 168 and both 
are withdrawn from the tower through 95 
line 156. The oool h'eating 1 oil in line 
168 is saturated with C^, C 4 and C 3 hoino- 
logues to form a fat oil. The light frac- 
tions are stripped out by ascending 
naphtha and gas product vapors, thus 100 
increasing the concentration of said frac- 
tions in the naphtha condensing zone. 

Heating oil through line 150 is with- 
drawn at about 480° — 500° F. and most 
of it is cooled in cooler 168 and returned 105 
to the top of section B by pump 160 and 
line 162 as absorber lean oil, the remainder 
being stripped in stripper 157 and taken 
through line 178 to product or aB a fluxing 
oil to the heavy residue in the bottom of 110 
the tower via lines 183, 181, and 155, 
vapors being returned through line 159. 

Product vapors entering the portion of 
section B which lies above the inlet of 
line 168 thus consist of the naphtha frac- 115 
tions and gas fractions normally encoun- 
tered plus an abnormal quantity of C 4 , 
C 5 and C 0 which were absorbed as pre- 
viously explained in the top of section B. 
Such vapors and heating oil are fraction- L20 
ated by reflux pumped back through line 
.176 and the fractionated vapors may be 
taken from the tower at about 5 p.s.i.g. 
and 210° F. through line 166 and may be 
compressed by a one stage blower 169. 125 
Naphtha with an excess of light fractions 
is condensed in condenser 172, the excess 
light fractions thereof being* removed in 
separator 173 and, except for the part 
returned as reflux through line 176, sent 130 
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"to final product tankage through line 170. 

Gras and light fractions are led back to 
the absorber portion of section B through 
line Ii7 where countercurrent absorption 
6 of the desired light fraction by the lean 
oil as previously described takes place. 
Ihe number of plates between lines 15U 
and 162 is preferably increased by about 

m j -° 15 over tllat 0± noTm -^ fractionator 
10 designs. By using this technique it is pos- 
sible to absorb essentially all of the G 5 + 
fractions m the gas entering the top sec- 
tion of fractionator 140. In addition as 
, c l nuc ^ a V' 5 % 0± * tn e C 4 components can 
15 be absorbed. The gas leaving the top of 
fractionator 140 through line 164 is thus 
stripped of its valuable gasoline com- 
ponents and can be passed directly to fuel 
uses. A naphtha or gasoline cut may be 
20 recovered via line 166. Such gasoline can 
°e withdrawn at temperatures of about 
, — 150 ° F in spite of the low pressure 
employed. 

The gasoline fraction is uncontamin- 
25 ated with the " pump-around " medium 
as described above and is condensed either 
in the tower by naphtha pump- back or in 
an external condenser, part of the 
naphtha being returned to the tower for 
30 fractionation. The number of plates to be 
provided in section B depends on the type 
of crude charged and the products 
desired. For the purposes of the present 
example, 2 plates may be used between 

3o the reduced crude inlet and gas oil with- 
drawal, 4 between gas oil and heating 
oil, o for stripping of gas fractions from 
the heating oil, 3 for naphtha-heating oil 
fractionations^ and 10—15 plates for the 

40 absorption of light components in the top 
portion of section B. 

As indicated in the drawing, final pro- 
ducts may be recovered from the frac- 
tionator 140 as follows. Gasoline of 400° 

46 F. end point amounting to about -50 to 
60% on crude and having an octane rat- 
ing of about 75 to 85 may be passed via 
line 170 to tankage. About 20 to 30% of 
gasoline on crude may be recirculated by 

50 pump 174 via line 176 to section B to 
serve as reflux. Final heating or light 
Diesel oil may be recovered via line 178 
at a rate of about O.o to 1.0% on crude. 
About 2 — 3% on crude of a heavy Diesel 

55 oil stock may be obtained via line 148. 
Returning now to the combined reduced 
crude type bottoms withdrawn through 
line L81, they may. if desired, be blended 
with gas oil or lighter fractions supplied 

60 through line 183 to adjust their viscosity 
to meet specifications. The bottoms may 
then be cooled to about 200° to 500° F. in 
cooler 185 and passed through line 187 
to filtering facilities 190. Conventional 

66 sand filters, rotary or porous sintered 



ceramic niters may be us^d to remove 
from the combined residue all suspended 
or slurried solid particles, such as coke, 
catalyst carried over from cracking stage 
1-50, etc. The solids removed in filtering 70 
facilities 190 may be discarded via line 
192 or passed to catalyst recovery means 
(not shown). A fuel oil grade residiuro is 
recovered via line 194. Combination filter- 
ing m this manner of thermally cracked 75 
tar, catalytic slurry and crude* residium 
avoids *' compatibility " problems aris- 
ing upon conventional blending of 
materials of this type and permits the 
recovery of a fuel oil relatively low in 80 
sediment. 

The system illustrated in Figure 1 per- 
mits of various modification. As pre- 
viously pointed out, one or more reduced 
crude viscosity breaking or coking 85 
stages may be included. Certain of the 
ejects contemplated by such coking 
stages may be accomplished by operating 
the bottom, portion of section A of frac- 
tionator 140 at viscositv-breaking condi- 90 
tions, for example at 875° to 950° F. 
Instead of, or in addition to, this type 
of ^ operation, the reduced crude in line 
122 may be subjected to a conventional 
thermal or catalytic coking or viscosity- 95 
breaking treatment. The total effluent of 
such a cokmg stage, with or without the 
coke formed may be passed on through 
line 122 to an ui>per portion of stripping 
section A of fractionator 140 to be treated 100 
therein as above described. Similarly, 
part or all of the bottoms in line 147 may 
be subjected, for example, in unit 182 to 
viscosity- breaking and for coking to pro- 
duce a heavy residium and coke to be 105 
passed on from a separator 184 through 
lines 186 and 181 to filtering means 190 
and lighter materials which may be 
returned from separator 184 through line 
188 to a middle portion of section A lo be 110 
subjected therein to stripping and frac- 
tionation as described above. 

Catalytic, rather than thermal, re- 
reforming may be employed in reforming 
stage 130 using such conventional cata- 116 
lysts as oxides and sulfides of Group V, 
VI, or VIII metals, preferably supported 
on a suitable carrier, temperatures of 
about 850°— 1100° F. and pressures from 
atmospheric to about 4t)0 p.s.i.g. in the 120 
presence or absence of extraneous hydro- 
gen, all in a manner known per *e. Other 
refining treatments, such as bauxite treat- 
ting or clay treating, may follow reform- 
ing stage 130, provided that most of the 125 
hydrocarbon effluent of such stages is sup- 
plied to fractionator 140 as described 
above. 

While a variety of catalytic cracking 
systems may be used as cracking stage ]3*J 
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staiitially all sulphur is removed. The 
hydrogenated gas oil may then be passed 
on through line 146 as described 
above. 

5 In the embodiment shown in Figs. 2 
and 2a of the drawing, final products may 
be recovered from, lower 140 in a slightlv 
different nianer from that shown in Fig's. 
1 and la above as follows. Gasoline °of 
It) 400° F. end point amounting to about 
35 to 45% on crude and having an octane 
rating of about 80 — 90 Research may be 
passed via line 170 to a conventional 
finishing stage 221 and then to tank 222 
15 to be blended therein with the hydrof orm- 
ate supplied via line 220. Gasoline may be 
recirculated by pump 174 via line 176 to 
section B to serve as reflux. Final heating 
ox liffht Diesel oil may be recovered via 
<£Q line 178 at a rate of about 0.5 — 1.0% on 
crude. About 2 — 3% on crude of a heavy 
Diesel oil stock may be obtained via line 
14S. A naphtha fraction somewhat 
heavier than that of the gasoline in line 
Zo 166 and having a boiling range of, say, 
about 200 to 400° F. may be withdrawn 
from a point intermediate between the 
withdrawal point of line 156 and the feed 
Point of line 16S to be passed via line 120 
30 to hydroformer 130 as described above. 
The amount of naphtha so withdrawn 
may vary between 0 and about 45% on 
crude depending on the proportion of vir- 
gin naphtha directly supplied to hydro- 
35 former 130 via line 128. 

Another embodiment of the invention 
is illustrated in Fig. 3 which, for the 
sake of simplicity, shows onlv those 
elements which differ in design and /or 
40 operation from those of Figs. 2 and 2a 
and in addition some of the pipe lines 
of Figs. 2 and 2a to clarify the' manner 
in which, the equipment illustrated in 
• Fig. 3 is to be linked up. with the com- 
'45 bmatipu unit described with reference to 
Figs. 2 and 2a/ In essence, the elements 
shown in Fi~ 3 are intended to take the 
place of hydroformer 130. stabilizer 200 
and hydrogenators 216 and 21& of Figs. 2 
50 and 2a. 

Referring now in detail to Fig. 3, the 
system illustrated therein essentially com- 
prises three catalytic hydroformers 300, 
302 and 304 connected in series, u hydro- 
55 fining stage 320 and a stalnlizer-frac- 
tionator 330. The function of -these 
elements in a combination unit of the type 
illustrated in Figs. 1, la, 2 and 2a will 
be forthwith described with reference to 
CO a " platforming " operation taking place 
in 'hydroformers 300, 302 and 304. It 
should be understood, however, that other 
types of catalytic hydroforming may he 
carried out in this system in a substanti- 
65 ally analogous manner, 



Tn operation, naphtha having a boiling 
range of about .150° to 400° F. may be 
passed through line 12S to hydroformer 
300 via reheater 307 at a temperature of 
about 900° to L000° P., a pressure of 7 
about 50 to 10U0 p.s.i.g. and in an 
amount of say, about 15 to 45% on 
crude. This naphtha may be supplied 
from crude still 110 via line 118 and /or 
from tower 140 via line 129 in any desired 7 
proportion, as described with reference to 
Figs. 1 ,1a; 2 and 2a. An amount of about 
500 to 7000 SCF/Bbl. of recycle hydrogen 
is supplied to hydrof ormer 300 from line 
306 at hydroforming pressure and a teni- £ 
perature of about 900° to 1200° F. Hydro- 
formers 300 , 302 and 304 contain a plati- 
num group catalyst such as platinum or 
palladium supported on alumina pellets 
preferably arranged in fixed beds. The S 
naphtha-hydrogen charge passes in series 
through hydroformers 300, 302 and 304 
and is reheated between stages in 
reheaters 30S and 310 to maintain similar 
temperatures in the three stages. tSuitable 9 
c * platforming " conditions to be main- 
tained in hydroformers 300, 302 and 304 
include temperatures of about S00° to 
1000° F., total pressures of about 400 to 
1000 p.s.i.g. and hydrogen recycle rates 0 
of about 3000 to 12000 SCF/libl. At 
these conditions the octane number of the 
naphtha is improved anywhere from 30 — 
60 points and the sulfur removed almost 
completely. The catalyst retains its 1 
activity for many months whereupon it 
may be replaced with fresh or regenerated 
catalyst, no continuous or frequent 
periodic regeneration being required. 

The total effluent from the hvdroform- 1 
ing or " platforming " stages passes 
through line 312 to hvdrofining stage 320. 
Simultaneously, hyclrofiniug stage 320 
receives via line 119 all or nny desired por- 
tion of the light gas .oil range product 1 
traction- recovered from tower 140 prior' " 
to hytlrogenatkm in hydrogenator 216 
The combined charge is treated in hydro- 
fining stage 320 with a hydrofining cata- 
lyst such as oxides or sulfides of Group ] 
\ 4 T 1 and metals at temperatures 

of about 500° to 800° F., pressure of about 
ol) to 1000 p.s.i.g-. and throughputs of 
about 0.5 to 5 V/V/Hr. At these condi- 
tions substantially complete conversion of 1 
undesirable constituents of the light "-as 
oil fraction, such as salfur compouncls, 
takes place by straight hvdrogenation or 
hydrogen transfer from the platformate, 
without appreciably effecting the quality J 
of the platformate. As a result of the hi^h 
hydrogen partial pressure, catalyst 
deactivation by carbon deposition is rela- 
tively slow, eliminating the requirement 
of continuous or frequent periodic 3 
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loO, ' fluid :y catalytic cracking involv- 
ing the continuous production of cracked 
effluent and continuous catalyst eircula- 
m taon between cracking and regeneration 
o stages described in our co-pending Appli- 
cation No. ,5650/51 is particularly 
suitable. 

Referring to Figs. 2 and 2a the emhodi- 
ment illustrated is closely similar to that 
10 described, above and illustrated in Figs. 
1 aud la. The operation of the systenTis 
substantially the same as described in 
connection with Figs. 1 and la with the 
TC principal modification that the catalytic 
15 or thermal reforming stage 130 is re- 
placed by a catalytic hydroforming unit. 

In operation of this unit the "heavy 
naphtha stream may be pumped by pump 

»n £ 6 th n,??Z h ^ ne 128 at a Pressure of about 
t0 COO— 900 p.s.i.g. to a catalytic hydroform- 
ing stage 130. This hydroforming stage 
may be of any conventional design well 
known in the art and is preferably one 
suitable for a " platforming " operation 
& or a regenerative hydroforming operation 
of the type specified above. For the pre- 
sent example, a conventional catalytic re- 
forming operation carried out at about 
800° to 1000° F. ? 50 to 1000 p.s.i.g. pres- 
»U sure nominal oil residence time of about 
O.o to 2.5 hours calculated as cold oil in 
contact with catalyst, and hydrogen 
recycle rates of about 500 to 7000 SCF/ 
Bbl. of oil using a catalyst, such ns 
O molybdena supported on alumina, in 
fixed bed operation is referred to. In 
addition to the virgin naphtha supplied 
to hydroforming stage 130 via line 128, 
a hydrocarbon stream of similar boiling 
U range derived from the fractionator sec- 
tion of tower 140 mav be fed to hydro- 
forming stage 130 via line 129 in any 
desired proportion. Under the conditions 
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specified the octane rating of the naphtha 
o may be increased from about 25 to 40 to 
about 80 to 100 Research Octane Number 
without excessive cracking to normally 
gaseous hydrocarbons and carbon. A plur- 
ality of hydroforming reactors may be pro- 
0 vided alternating between onstream and 
regenerating cycles, oxidizing gases % such 
as air, steam, flue g-ases or mixtures there- 
of, being used in the regenerating cycle 
to remove carbon from the catalyst all in 

> a manner known per sr. Of course, anv 
type of continuous operation such as fluid 
moving bed or suspensoid operation may 
be used wherein the catalyst is continu- 
ously circulated between reactor and 

J regenerator vessels. 

# The total effluent of hvdroformer 130 
is passed through line 134 via heat 
exchanger 117 to a stabilizer tower 200 
wherein hydrogen and normally gaseous 

> hydrocarbons such as G, — C 3 'hydrocar- 



bons are separated from normally liquid 
*?^. a t? at ^mperatures of about 
? linn 120 .* * and Pressures of about 100 
to 1000 p.s.i.g. 

Gases containing about 40 to f)0% of 70 

r^i^Sr.^^^^ t0 nhout 1000 
to 9000 SCF/Bbl, of feed are withdrawn 

from stabilizer 200 through line 202 and 

passed through recycle booster 204 and 

reiieater 206. An amount corresponding 75 

to about 500 to 7000 SCF of hydrogen 

iVIS +\ °t f 5 ed may be P assed fine 
-08 to hydroformer 180 substantially at 
the temperature and pressure of the latter. 
Ine remainder of the gases in line 202 or 
any desired portion thereof may be passed 
through line 210 via booster 211 and lines 
-12 and/or 214 to hydrogenation stages 
216 and/or 218 which may be used to 
improve the cracking characteristics of 
cracking recycle stock supplied from 
tower 140 through line 142 or to improve 
the qua ity of product light gas oil 
recovered from tower 140 via line 178 as 
will appear more clearly hereinafter. Any 90 
excess gases may be Withdrawn through 
line 203 and passed through line 203a to 
the bottom portion of fractionator- 
stripper 140 as an additional stripping 
agent or used as fuel gases in the system! 
When operating in this manner for 
example, the gravity of recycle gas oil 
can be increased 2—15 degrees, and the 
stock made as desirable as is virgin feed 
for catalytic cracking. 

i- Th onn y - drof .°^ n i ate separated in stabi- 
lizer 200 is withdrawn through line 2°0 
Ihis material may be blended without 
turtlier treatment in tank 222 with 
finished gasoline recovered from tower 1-40 105 
as will appear more clearly hereinafter. 
Hie hydroformate so recovered may 
amount to about 10 to 25% on crude. 

As shown in Fig. 2a. part of the side . 
stream of gas oil hydrocarbons removed 110 
Irorn the fractionator via pump 143 and 
lines 142 may be passed through a hvdro- 
genation stage 216. * 

For example, all the heavy gas oil not 
to be returned as reflux to the fractionator 115 
140 via line 144 may be supplied by pump 
I4t5 to hydrogenation stage 216 and 
hydrogenated therein with nickel tung- 
sten sulfide as the catalyst at a tempera- 
ture of about 750° to 800° F., a pressure 1*>0 
of about 2500 to .3000 p.s.i.g., a Touid 
throughput of about 1 to 2 V/Y/Hr and 

wKn* 6 ? ^ ed T ^ te 0f 2500 to 

jOOO standard ciu ft. per bbl. of oil in 

fixed bed operation. Under these condi- 125 

turns about 1000-1200 standard ou. ft 

of hydrogen per bbl. is consumed in the 

hytirogeimtum operation. The APT 

gravity of the heavy cycle gas oil is 

increased by about 10-12 units and sub- 130 
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regeneration. Fixed l>ed operation is, 
therefore, suitable for hy drowning stage 
320. However, any conventional con- 
tinuous or periodic regeneration system 
5 involving fluid or moving bed operation 
mav be employed if desired. 

l'he effluent of hydrofining stage 320 
is passed through line 322 to an inter- 
mediate section of conventional stabilizer- 

10 fractionator 330. This tower is so operated 
that a bottoms fractions of high cruality 
heating or Diesel oil may be recovered 
and passed to tankage via line 332, plat- 
formate having a final boiling point of 

15 about 400° F. may be passed via line 334 
to blending tank 222 and gases containing 
about 80 to 95% of hydrogen and amount- 
ing to about 5000 to 12000 SCF ^er Bbl. 
are recovered overhead through line 33(>. 

20 About 600 to 1500 RCF per Bbl. of the 
gas in line 336 may be vented as excess. 
The remainder ia recycled by means of 
a recycle booster 340 via lines 338 and 342 
and reh eater 344 to line 306 and hydro- 

25 former 300. 

Rather than supplying merely the pro- 
duct light gas oil fraction from line 119 to 
hydrofhiing stage 320, any desired por- 
tion of the recycle stock from line 146 

30 may be used for this purpose. In this case, 
the oil fraction recovered through line 
332 may be returned as a whole or in j>art 
to line 146 to serve as an upgraded recycle 
stock for cracking stage 150. 

86 In all other respects, operation of the 
entire combination unit may be substan- 
tially as described with reference to Figs. 
1 and la, including operation of crude 
still 110, tower 140, cracking stage 150, 

40 coking stage 182, etc. 

A still further embodiment of the 
invention is illustrated in Fig. 4 which is 
a schematical fiow plan of a complete com- 
bination unit similar in various respects 

45 to that shown, in Figs. 1, la, 2 and 2a. 
corresponding elements, though illus- 
trated in a simplified manner, being as 
before indentified by like reference 
numerals. An important additional 

50 element is a high pressure stripper 435 
whose function will be forthwith des- 
cribed. 

Referring' now in detail to Fig. 4, crude 
oil is charged via line 109 to crude still 

56 310 and treated therein substantially as 
described with reference to Figs. 1* and 2. 
A kerosene or light gas oil fraction ready 
for use may be recovered via line 120. 
Light naphtha is withdrawn through line 

60 116, heavy nnphtha through line 118 and 
reduced crude through line 122. In addi- 
tion, a gas oil fraction may be recovered 
through line 420 and passed wholly or in 
part to cracking stage 150 to serve as vir- 

65 gin cracking stock therein, Virgin gas 



oil may be recovered as product via line 
421. Any desired proportion of the light 
arid heavy naphthas may be recovered via 
lines 416 and 41 S as product or passed 
directly to the bottom of tower 140 as des- 70 
cribed with reference to Figs. 1 — 3. 

In accordance with a preferred feature 
of the embodiment under discussion the 
heavy naphtha from still 110 s amounting 
to about 15 to 20% on crude, is passed 75 
to line 128 and hydroforming stage 130. 
The latter may be operated substantially 
as described for stage 130 and hydro- 
formers 300 , 302 and 304 with reference to 
Fi^s. 1 and 3, recycle hydrogen being 80 
added via lines 406 as will appear more 
closely hereinafter. 

The total effluent of hydroforming stage 
130 is passed substantially at the tem- 
perature and pressure of stage 130, say, at 85 
about 800°— 1000° F. and about 700— 
S00 p.s.i.g. through line 432 to a bottom 
portion of high-pressure stripper 435. This 
stripper which may be of conventional 
design, having a lower disc-and-aunulus 90 
section C and an upper bubble tray 
section D. is maintained substantially at 
the pressure of reforming stage 130. 

Reducer crude from line 122 is passed 
by pump 437 through line 439 at the pres- 95 
sure of stripper 435 to the top of section C 
of stripper 435 which is so designed that 
the temperature varies from about 600° 
to 800 M F. in tho bottom to about 
500° to 750° F. in the top of stripper 435. 100 
At these conditions, the reduced crude 
supplied through line 439 is stripped of 
its gas oil and lower boiling constituents 
to an extent of about 5 — 35% on reduced 
crude depending on the type of crude 105 
involved. The stripped reduced crude now 
amounting to about 25 to 45% on crude 
is_ withdrawn through line 441 provided 
with pressure release valve 443 and passed 
to an upper portion of section A of tower HO 
140, to be further stripped therein by 
cracked vapors supplied through line 152 
from cracking stage 150 substantially as 
described with reference to Figs. 1 — 2a. 

A combined overhead containing the 115 
reduced crude strippings consisting 
chiefly of gas oil, the total hydroforinate 
and the total hydrogen is withdrawn from 
stripper 435 via line 445, cooled in cooler 
447 to about 80° to 120° F. and passed ioq 
to gas liquid separator 449 substantially 
without pressure reduction other than 
that caused by cooling. The gas separ- 
ated in separator 449, amounting to aboul 
500 to 5000 SCF/Bbl. and containing 125 
about 40 to 95% of hydrogen is with- 
drawn through line 406, reheated in 
reheater 451 to about 900° to 1200* F. aiifl 
returned to hydroforming stage 130. 
Excess gas may be released through lino 130 
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407 to l >e used as a f ue l gas 0 r in Wr 
J-IU as an additional stripping medium. 
a.io «„ i iUld , s ?J ,a «ated in separator 
449 may be passed through Jines 453 and 
«- 4oo provided with pressure release valve 
+ °. }& Q ^tionating section 13 of 
tower 140 to he fractionated therein sub- 
stantially as described with reference to 
in K ,?.'-r a -" i- (1 ?5 1 ?' ed ' P art or all of the 
lli Ud * ln * hne - 4 * J mi, y be Passed to a 
separate frnrtionator 400 after pressure 
release m va ve 455). High quality hydro- 
formate product may be recovered over- 

ifi ^ ead ,%? m t( ? wer 460 recovered via 
15 hne 462 to he blended in tank 222 of 
iv igure 2a with finished gasoline from 
tower 140. A pas oil fraction may be 
withdrawn from tower 460 at bottom.; via 
on l me ,? G4 be combined with the gas oil 
20 m lme 142 and further treated as 
described with reference to Vi<r S i 
and la. B " 

Similarly as explained with reference. 
T° *}g s - '-2a and 3. the virgin naphtha 
25 m lines 116 and/or "118 may° be i/ part 
supplied directly to the bottom of tower 
J40 to serve as a stripping medium for 
the reduced _ crude and corresponding 

nn a ?n OUUts Slmi l ar fractions f^m towei- 
JU 140 may be used as charging stock for 
hydroformer 1-30, as will be readily under- 
stood by those skilled in the art. Also, any 
desired portion of the virgin liffh't 
35 u «Pli«lia in line 116 may be passed to 
°o reforming stage 130. 

"What we claim is : — 
. 1- A combination process for the refin- 
v^-n* l ietroIeum oils which 'comprises 
distilling a crude petroleum oil to yield 
40 a residual fraction and a plurality of 
lighter fractions, subjecting' at least one 
ot said lighter fraction to "a conversion 
treatment, passing said residual fraction 
to a fractionating tower and feeding a 
4o plurality of hydrocarbon streams into said 
tractionatmg tower below the point of 
entry thereto of said residual fraction 
whereby the latter is stripped by the 
vapors of said hydrocarbon streams, and 
50 recovering the desired product fractions 
trom said fractionating tower wherein 
said hydrocarbon streams fed to the frac- 
tionating tower comprise at least one total 
effluent from a conversion treatment of 
55 said lighter fractions and, if available, 
at least one of said lighter fractions as 
such , 

2. A process as claimed in Claim 1, 
wherein at least one of the product frar- 

t)U tions from said fractionating tower is 
subjected to a conversion treatment and 
the products from said conversion treat- 
ment are fed to the said fractionating 
tower below the point of entrv of said 

bo residual fraction. 



•3. A process as claimed in Claim * 
wherein daid product fraction is a gas oil 
traction, which is subjected to a caFalvtit. 
cracking* treatment. 

4. A process as claimed in Claim •) ~9 
wherein said gas oil fraction is mixed ' 
wi h a virgin gas oil fraction from the 
crude oil distillation stage, the mixture 
being subjected to the cracking treatment 

0 A process as claimed in Claim 3 or 75 
4, wherein the cracking of the gas oil is 
carried out by employing a method or 
apparatus a.s claimed in any of the claims 

SerT a rNo dln 7!6^K iatiOU ^ 5630 ' 31 so 

6. A process as claimed in any one of *" 
Oiaims l—o, wherein a naphtha fraction 
iiom the crude oil distillation stage is 
subjected to a thermal or catalytic reform! 
mg treatment and the reformed product is 85 
led to said fractionating tower. 

1 ■ A process as claimed in any one of 
the preceding claims wherein the bottoms 
fraction from said fractionating tower is 
nlteied and passed to storage. 90 

8. A process as claimed in any one of 

£*J ieCe i in - g c M ms ^\ er «* a naphtha 
ii action derived from the combination 
piocess is subjected to catalytic reform- 
ing treatment yielding hydrogen. 95 

y. A process an claimed in Claim X 
wherein the said catalytic reforming 

retook 100 

between 400 and 1000 lbs. per Kith 

^Trtn adard cubie - f «* Per barrel of 
napntna. ... 

10. A process as claimed i u Claim 8 
wherein the catalyst contains a catahti- 
(fLly active metal oxide such as nxofvb- 
denum vanadium or tungsten oxide.' 

A P r °cess as claimed in auv one 110 
of Claims 8-10 wherein the naphtha 
fraction submitted to the catalytic 
reforming treatment is a naphtha frac- 
tion from the crude oil distillation sta-e 
or a mixture thereof with a naphtha frar- 115 
titm from said fractionating tower, 
wi," • P. roeese . as claimed in Claim 11 
wherein the said naphtha fraction is 
heavy naphtha fraction. 

of Haiti "? t ' ls J im « i , iu any one 120 

ttl \ l • , V wkel ; elu ='t least one frac- 
tion obtained from the crude oil distilla- 
tion stage or said fractionating tower % 
treated w,th the hydrogen from the ratal 
lytic reforming stage externally of said 125 
iug d t e owe; llSin,alion StaftC "»* ^on£ 125 
^} At - A ]f oeess as claimed in Claim 13 
with hydrogen comprises treatment of L'JQ 
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said fraction with tlie total effluent from 
the catalytic reforming stage. 

15. A process as claimed in Claim 13 
or 14 wherein said fraction treated with 
6 hydrogen is a light gas oil fraction or 
a heavy gas oil fraction withdrawn from 
said fractionating tower. 

1G. A process as claimed in Claim 15, 
wherein the treatment of the gas oil frac- 
10 tion with hydrogen is followed by a cata- 
lytic cracking treatment. 

17. A process as claimed in Claim 13 or 
14, wherein a gas oil fraction is cata- 
lytically cracked and the cracked products 

15 are treated with hydrogen from the 
reforming stage. 

18. A process as claimed in any one of 
Claims 8—17, wherein a major pro portion 
of the heat required in said fractionating 

20 tower is supplied as the sensible heat of 
the products of the various conversion 
stages supplied thereto. 

19. A process as claimed in any one of 
the preceding claims, wherein said frac- 

25 tionating tower has a lower stripping 
section and an upper combined^ fractiona- 
tion and absorption section, said residual 
fraction is supplied to the top of said 
stripping section, said plurality of hydro- 

30 carbon streams are supplied to a lower 
portion of said stripping: section^ product 
distillate and gas oil fractions are 
removed from said upper fractionation 
section, and residual fraction bottoms are 

85 recovered from the bottom of said lower 
stripping section. 

20. A process as claimed in Claim 19, 
in which said residual fraction is stripped 
by subjecting it- to a two-stage heating, 

40 vaporization and stripping action, first 
with vapors of the effluent from a cata- 
lytic cracking treatment of a gas oil 
fraction, and secondly with the vapors of 
other fractions and conversion products 

46 derived from the process. 

21. A process as claimed in Claim 20, 
in which the vapors of cracked gas oil 
fraction are themselves stripped in said 
fractionating tower with vapors of other 

60 fractions or conversion products supplied 
thereto. 

22. A process as claimed in Claim 21, 
in which at least a portion of said cracked 
gas oil fraction vapors is heavier but of 



a lower temperature than said vapors of D5 
the other fraction or conversion products. 

23. A process as claimed in any one of 
the preceding claims in which a fraction 
of the fuel oil boiling range, other than 
said residual fraction, obtained from said 60 
crude oil is subjected to a high tempera- 
ture thermal treatment at conditions 
severe enough to cause at least a reduc- 
tion of viscosity. 

24. A process as claimed in Claim 23 in 65 
which vapors produced in said thermal 
treatment are passed to a lower portion of 
said fractionating tower wherein said 
stripping takes place. 

25. A modification of the process 70 
claimed in any one of the preceding 
claims wherein the residual fraction from 
the crude oil distillation stage instead, of 
being passed as such to said fractionating 
tower is first treated with hydrogen to 75 
strip lighter fractions therefrom. 

26. A modification according to Claim 
25 ? wherein said residual fraction is 
stripped with a hydrogen-containing 
effluent from a reforming stage in the 80 
combination process, a pressure the* same 

as that prevailing in such reforming 
stage being maintained during stripping 
but being reduced before the residual 
fraction is passed to said fractionating 86 
tower. 

27. A modification according to Claim 
26, wherein the hydrogen and stripped 
lighter fraction removed from said resi- 
dual fraction are separated and the hydro- 90 
gen is recycled to the reforming stage. 

28. A modification of the process 
claimed in any t one of claims 1 — 22, 
wherein the residual fraction from the 
crude^ oil distillation stage instead of 95 
being passed as such to said fractionating 
tower is first subjected to a high tempera- 
ture thermal treatment at conditions 
severe enough to cause at least a reduc- 
tion in viscosity. 100 

29. An improved combination process 
for the refining of petroleum oils sub- 
stantially as hereinbefore described. 

D. YOUNG & CO., 
28, Southampton Buildings, 
Chancery Lane, London, W.C.2, 
Agents for the Applicants. 
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